Relativistic electron dropouts by pitch angle scattering in the geomagnetic tail by J. J. Lee et al.
Ann. Geophys., 24, 3151–3159, 2006
www.ann-geophys.net/24/3151/2006/
© European Geosciences Union 2006
Annales
Geophysicae
Relativistic electron dropouts by pitch angle scattering in the
geomagnetic tail
J. J. Lee1, G. K. Parks1, K. W. Min2, M. P. McCarthy3, E. S. Lee1, H. J. Kim2, J. H. Park2, and J. A. Hwang2
1Space Sciences Lab., University of California, Berkeley, CA, USA
2Department of Physics, Korea Advanced Institute of Science and Technology, Daejeon, Korea
3Geophysics Program, University of Washington, Seattle, USA
Received: 5 June 2006 – Revised: 22 August 2006 – Accepted: 13 October 2006 – Published: 22 November 2006
Abstract. Relativistic electron dropout (RED) events are
characterized by fast electron ﬂux decrease at the geostation-
ary orbit. It is known that the main loss process is non adia-
batic and more effective for the high energy particles. RED
events generally start to occur at midnight sector and prop-
agate to noon sector and are correlated with magnetic ﬁeld
stretching. In this paper, we discuss this kind of event can
be caused from pitch angle diffusion induced when the gyro
radius of the electrons is comparable to the radius of curva-
ture of the magnetic ﬁeld and the magnetic moment is not
conserved any more. While this process has been studied
theoretically, the question is whether electron precipitation
could be explained with this process for the real ﬁeld conﬁg-
uration. This paper will show that this process can success-
fully explain the precipitation that occurred on 14 June 2004
observed by the low-altitude (680km) polar orbiting Korean
satellite, STSAT-1. In this precipitation event, the energy
dispersion showed higher energy electron precipitation oc-
curred at lower L values. This feature is a good indicator that
precipitation was caused by the magnetic moment scattering
in the geomagnetic tail. This interpretation is supported by
thegeosynchronoussatelliteGOESobservationsthatshowed
signiﬁcant magnetic ﬁeld distortion occurred on the night
side accompanying the electron ﬂux depletion. Tsyganenko-
01 model also shows the magnetic moment scattering could
occur under the geomagnetic conditions existing at that time.
We suggest the pitch angle scattering by ﬁeld curvature vio-
lating the ﬁrst adiabatic invariant as a possible candidate for
loss mechanism of relativistic electrons in radiation belt.
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1 Introduction
Many spacecraft failures and anomalies have been attributed
to relativistic electrons (sometimes referred to as “killer elec-
trons”) in the Earth’s magnetosphere (Baker, 2000). An ex-
ample of such failures is caused by the spacecraft internal
charging (Garrett and Whittlesey, 2000). High energy elec-
tronscanpenetratethethickshieldingandburythemselvesin
the insulation around sensitive satellite electronics. Charges
from these accumulating electrons build up in the spacecraft,
and a strong internal electrical discharge can occur to de-
stroy electric devices. Not surprisingly, understanding them
has been one of top issues since early space era.
While the dynamics of these electrons have been studied
extensively for several decades, the fundamental questions
as to how they are produced and lost are still not fully re-
solved (Friedel et al., 2002). Electrons within Earth’s magne-
tosphere come from two main sources, the solar wind and the
Earth’s ionosphere. However, these two sources provide low
energy electrons, 1eV and 10eV for each. These values are
too small to explain the high population of relativistic elec-
trons with energies ∼100keV to >15MeV (Li and Temerin,
2001).
Regarding the question of how they are lost, there are two
kinds of loss processes, adiabatic and non-adiabatic. The
adiabatic processes, such as the magnetopause shadowing
and Dst effect, do not represent real losses, because the
ﬂux decrease is caused by magnetic ﬁeld intensity changes
(Dessler and Karplus, 1961; Reeves et al., 1998; Kim and
Chan, 1997). When the ﬁeld returns, the ﬂux will be re-
covered in the adiabatic process. Non-adiabatic processes
are irreversible particle losses, where particles are lost per-
manently when they encounter the magnetopause(Desorgher
et al., 2000) or precipitate into atmosphere by wave parti-
cle interactions or magnetic moment scattering due to ﬁeld
stretching(Young et al., 2002).
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Fig. 1. Electron (top) and proton (bottom) ﬂux observed by LANL-
02A on 14 June 2004.
The electron ﬂux level in the magnetosphere at any time is
determined by a competition between acceleration and loss
process. The electron ﬂuxes are commonly observed to de-
crease during the main phase of a storm, and then may in-
crease to well above the prestorm levels during or shortly af-
ter the recovery phase of the storm(Nagai, 1988; Kim et al.,
2006). Yet in some cases, electron ﬂuxes are not recovered
and remained low ﬂux level(Reeves et al., 2003). Onsager
et al. (2002) investigated the ﬂux level at geosynchronous
altitudes in response to a moderate (−80nT Dst) magnetic
storm (16 April 2000). They found that the >2MeV elec-
trons decrease fairly abruptly but not simultaneously at dif-
ferent local times and the ﬂux level did not increase during
the recovery time. These events are known as RED (Rel-
ativistic Electron Dropout) events. They also showed that
the lower energy electrons <300keV recover fully while the
>2MeV electrons are permanently lost.
Green et al. (2004) studied three possible causes of the en-
suing ﬂux decrease: adiabatic electron motion in response
to the changing magnetic ﬂux topology, drift of the guiding
center out the magnetopause boundary, and precipitation into
the atmosphere. Although the adiabatic motion may be a sat-
isfactory explanation for the local time dependence of the
ﬂux levels and partly contributed to electron ﬂux decrease,
their analysis revealed that electron ﬂux dropouts are likely
due to enhanced precipitation into the atmosphere. These
ﬂux dropouts showed a good correlation with the stretch-
ing of the magnetic ﬁeld to a more tail-like conﬁguration.
Recently, Clilverd et al. (2006) observed large-scale precip-
itation into the atmosphere during the sudden decrease of
geosynchronous electron ﬂux (>2MeV). However, their in-
direct observation of precipitation with ground-based iono-
spheric measurements doesn’t show clearly the correlation
between RED events and electron precipitations. In this pa-
per, weusein-situdatatodemonstrateaREDeventcancause
particle precipitation.
It has been known that the increased ﬁeld line curvature on
stretched ﬁeld lines could lead to the breaking of the ﬁrst adi-
abatic invariant which can lead to precipitation of particles.
Proton isotropic boundary might be explained by the proton
precipitation due to magnetic moment scattering (Sergeev
and Gvozdevsky, 1995). Friedel et al. (2002) stated “While
this certainly can occur for protons, can this be a process
for highly relativistic electrons also? Research in this area
is ongoing.” While the idea that magnetic moment scatter-
ing can lead to particle precipitation has been studied theo-
retically (Delcourt and Martin, 1994; Buechner and Zelenyi,
1989; Chen and Palmadesso, 1986), observational analysis
has not made much progress. This is because it is difﬁcult
to identify the various sources of precipitation. Imhof et al.
(1977) observed energy dispersion of precipitating electrons
at the trapping boundary and interpreted that these events
might occur from the violation of the ﬁrst adiabatic invariant
(Imhof et al., 1979, 1997; Imhof, 1988). Popielawska and
Zwolakowska (1991) used Tsyganenko-87 and -89 model to
reproduce the observed sharp decrease of threshold energy
with increasing L. While their results show some agreements
with measurements in latitude where isotropic precipitation
was expected to occur, the very steep proﬁles of energy dis-
persion were not well explained. This paper will show the
energy dispersion structures can indeed be reproduced with
Tsyganenko-01 model using energetic electron data mea-
sured by STSAT-1. We estimate how fast electrons can be
lost with a simple test particle simulation. Our results sup-
port the idea that this process can produce relativistic elec-
tron dropouts at the geostationary orbit and can help in the
development of a comprehensive model of relativistic elec-
tron dynamics to forecast space weather.
2 Relativistic electron dropouts
An example of relativistic electron dropouts shown in the top
panel of Fig. 1 was observed by the geostationary satellite,
LANL-02Aon14June2004intheenergyrangefrom75keV
to 1.5MeV. Note that the 0.75∼1.5MeV electron ﬂux de-
creases were observed for ∼5h at a level that is less than one
tenthofthepreviousﬂux, whilethelowerenergy(∼100keV)
electron ﬂux recovered after ∼1h. The ﬂux drop out re-
mained until 15 June and then slowly recovered to the previ-
ous level. As shown in the bottom panel of Fig. 1, the proton
ﬂux also decreased concurrent with the electrons. This ﬁg-
ure demonstrates that the loss process is more effective for
the higher energy electrons and protons.
The local-time progression of the ﬂux dropout at geosta-
tionary orbit is shown in Fig. 2 with seven satellites, ﬁve
LANL satellites and two GOES satellites. In this ﬁgure,
closed and open circles indicate high and low electron ﬂux
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Fig. 2. Local time progression of electron ﬂux dropouts observed
by seven geosynchronous spacecraft. Black circles indicate high
level ﬂux, while open circles shows electron ﬂux dropouts.
levels, respectively. All satellites observed high electron ﬂux
at 06:00 UT, but GOES12 ﬁrst observed electron dropout be-
tween 06:00 and 07:00 UT. This dropout was fairly local-
ized as can be seen by the fact that two satellites, GOES 10
and 1990-095 which were separated by 4h and 3h in local
time from GOES12, didn’t see the ﬂux dropout. Somewhat
later, electron dropout started to be detected by other satel-
lites and propagated to noon sector from midnight. This re-
sult is a little different from Onsager et al. (2002) in which
the electron dropout was observed ﬁrst at dusk (15:00 LT).
However, these observations are consistent with the statisti-
cal results of Green et al. (2004) who analyzed statistically
52 ﬂux decreases and showed the electron ﬂux is reduced
ﬁrst in the dusk sector (15:00 LT∼24:00 LT) concurrent with
the stretching of the magnetic ﬁeld. Also their superposed
epoch plot showed electron depletion started most frequently
around 22:00 LT and propagated to all local times after 8h.
Fig. 3. Geomagnetic ﬁeld observed by GOES-10(top), IMF Bz
(second)andsolarwindpressuremeasuredbyWINDandDst index
from 13 to 14 June 2004.
The time required for the dropout to be detected at all lo-
cal times (∼8h) was much longer than 5 to 10-min drift pe-
riod of the electrons. This implies the dropout did not occur
through the depletion of the drift shells, but rather due to the
distortion of the drift shells (Onsager et al., 2002).
Green et al. (2004) showed electron dropout is correlated
with geomagnetic ﬁeld stretching. The top panel of Fig. 3
shows the geomagnetic ﬁeld measured by the geostationary
satellite, GOES-10, from 13 to 14 June. The red line indi-
cates earthward direction and green line shows parallel di-
rection to the satellite spin axis, approximately +Z in GSM
coordinate. Comparing to the magnetic ﬁeld data observed
on 13 June, the earthward magnetic ﬁeld was much enhanced
while +Z direction ﬁeld strength decreased at 12:00 UT on
14 June. Because GOES-10 passed through the midnight
sector at 09:20 UT, this ﬁeld data imply the geomagnetic
ﬁeld was stretched to more tail-like geometry at the night
time. Superposed epoch analysis performed by Green et al.
(2004) shows electron dropout events are observed preced-
ingquiet condition, occurs withsolarwind pressureenhance-
ment, southward turning of Bz, decrease of Dst and increase
of AE indices. During the event, from 06:00 UT to 15:00 UT
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Fig. 4. Electron trajectories for ﬁeld lines having four different κ,
2.56 (black), 1.52 (blue), 0.91 (red) and 0.27 (purple).
on 14 June, WIND measured strong southward IMF Bz, al-
most −10nT, and enhanced solar wind pressure as shown
in the second and third panels of Fig. 3. The bottom panel
of the Fig. 3 shows the Dst index decreased from 15nT to
−30nT. These variations of geophysical indices however do
not explain how the dramatic change of magnetic ﬁelds are
produced. Nor is it clear how these variations can produce
ﬁeld line stretching. The following summarizes the electron
dropout characteristics.
1. Fast dropouts last for 1∼5h
2. Observed for both of electrons and protons
3. More effective for higher energy charged particles
4. Started from dusk and midnight sector and propagate to
noon sector
5. Correlation with magnetic ﬁeld stretching
3 Pitch angle scattering by ﬁeld curvature
The violation of the ﬁrst adiabatic invariant has strict con-
straint for electrons in the magnetosphere because it requires
perturbation with time scales of one gyro period. However,
the ﬁrst adiabatic invariant can be violated if the radius of
magnetic ﬁeld curvature is comparable to the electron gyro
radius (Chen and Palmadesso, 1986; Buechner and Zelenyi,
1989; Delcourt and Belmont, 1998). This is because during
one gyro motion, an electron experiences signiﬁcant mag-
neticﬁeldchangesthatcausepitch-anglechangessoparticles
enter the loss cone. This magnetic moment scattering is char-
acterized by κ=[Rc/ρ]1/2, where Rc is the minimum radius
of magnetic ﬁeld curvature and ρ is the particle’s maximum
gyro radius. It’s not easy to deﬁne clearly the κ values for
real magnetic ﬁeld, because the ﬁeld has three dimensional
conﬁguration and depends on location. For a parabolic ﬁeld
model, B(z)=bx
z
L ˆ x+bzˆ z, we deﬁne κ as above, evaluated
for a charged particle at z=0 where the radius of curvature is
minimum. In this case, the radius of curvature is Lbz/bx and
the gyro radius is p/(qbz) with p and q the particle’s mo-
mentum and charge (Delcourt and Belmont, 1998). Figure 4
shows how the electron trajectories depend on κ for four dif-
ferent values. The electron trajectories were calculated by
solving the Lorentz equation for a parabolic ﬁeld model, and
electrons were launched from south to north with 30◦ initial
pitch angle. For three κ values, 2.56 (black), 1.52 (blue) and
0.91(red), 1MeVtestelectronswereusedandfortheκ value
of 0.27 (purple), we used 15MeV electrons.
The results indicate that for the line(black) having the
largest radius of curvature, the terminal pitch angle is ex-
actly same as the initial pitch angle. Here a κ value of 2.56 is
slightly larger than the value needed for electrons to undergo
non-adiabatic motion. For the ﬁeld (blue line) having smaller
radius of curvature, electrons start to change their pitch an-
gles during the passage through the ﬁeld reversal region. The
ﬁnal pitch angle can be larger or smaller than initial pitch
angle. And some electrons can have very small pitch an-
gles, aligned along the ﬁeld lines as shown in Fig. 4. For
a detailed description about pitch angle scattering, see Del-
ccourt’s papers (Delcourt et al., 1996, 2004; Delcourt and
Belmont, 1998; Delcourt and Martin, 1999).
As the radius of ﬁeld line curvature decreases, the ﬁnal
pitch angle range that electrons can have increases. When
κ is 0.91, some electrons having 30◦ initial pitch angle can
have 90◦ pitch angle near the equator and move back and
forth as chaotic motion (red line). Finally these electrons
can be aligned to the magnetic ﬁeld then precipitate into the
atmosphere. For the smallest radius of curvature in Fig. 4,
the electron motion (purple line), κ is 0.27. If κ is much
smaller than unity, particles may experience meandering mo-
tion about the ﬁeld minimum as shown by Speiser (1965).
Because electrons have small gyro radius, in the real mag-
netosphere ﬁeld line, it is hard for electrons to follow the
motions described by red or purple lines. We assumed elec-
trons can be lost by only the pitch angle scattering described
by blue line in Fig. 4.
To estimate how fast electrons can escape from the mag-
netosphere, we simulated the pitch angle distribution for a
ﬁeld line having κ of 2.1 with 720000 test particles. For this
κ, electrons can change their pitch angles within 1.0◦. Here
we assumed the loss cone is just 0.7◦ whose value is based
on the magnetic ﬁeld derived from Tsyganenko-01 model
(Tsyganenko, 2002) where the magnetic ﬁeld is 52940nT
at 100km altitude and the equatorial ﬁeld is 7.9nT. We thus
considered test electrons having pitch angles from 0.7◦ to
5◦ as shown in the top panel of Fig. 5 where the angles
are calculated for the equatorial magnetic ﬁeld assuming the
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magnetic moment is conserved. The bottom panel of Fig. 5
shows how the pitch angle distribution changed after just one
pass through the equator. Note the electron ﬂux in the loss
cone increased to almost the same level as outside of the loss
cone, which means the loss cone was ﬁlled by a strong pitch
angle scattering process. With this process, 0.0075% elec-
trons should be lost by precipitation for half bouncing mo-
tion. Here we assumed pitch angle distribution is uniform
at the outside of loss cone. Because only electrons within
1◦ from the loss cone can diffuse into loss cone, loss rate
depends on how many times they pass through equatorial re-
gion where magnetic moment scattering occurs. The diffu-
sionofelectronsawayfromthelossconecontributestokeep-
ing uniform pitch angle distribution and supplies electrons to
the region near loss cone. The loss rate can be calculated
from the equation, dF/dt=(−2×0.000075)F/TB, where F
is electron ﬂux and TB is a bouncing period. The time taken
to reduce the electron ﬂux from the equatorial region of the
radiationbeltbyafactorof1/eisTB/(2×0.000075). Assum-
ing 1MeV electrons travel 20Re for one bouncing motion,
TB is about 425ms. Assuming electron precipitation occurs
in the region of 90◦ in longitude (25% of a drift circle), our
rough calculation shows it takes just 3.1h to empty radiation
belts.
4 Observations of electron precipitation
The pitch angle scattering by the ﬁeld line curvature can
explain many features of electron dropouts. First, we cal-
culated it takes about 3.1h to empty an electron ﬂux tube
from the radiation belt. This can explain reasonably well the
geostationary spacecraft observations of large and fast ﬂux
dropouts that takes several hours. The magnetic moment
scattering process by ﬁeld line curvature is more effective
for high energy electrons, which can explain why low en-
ergy electron dropout is not observed. The magnetic ﬁeld
curvature scattering is most important in the region where
ﬁeld curvature radius is minimum which might correspond
to midnight sector and far away from the earth. Thus large
L shell electrons can escape more easily. This can explain
the observations that electron dropouts begin near midnight
and propagate to noon sector. Some other observations, On-
sager et al. (2002) in which electron dropouts start from dusk
side can be explained by the formation of a partial ring cur-
rent driven by changing solar wind conditions (Green et al.,
2004). Moreover, this process is effective for both protons
and electrons. If 1MeV electrons had κ of 1.52, 1MeV
proton would have κ of 0.27 for the same ﬁeld conﬁgura-
tion. Thus, the same energy electrons and protons undergo
very different motions. Nevertheless, both of them have a
chance to precipitate into the Earth’s atmosphere by pitch
angle scattering if κ is smaller than the critical value of about
2.5 as shown in Fig. 4. Yet signiﬁcant proton ﬂux drop is
not commonly observed in the low energy region (Fig. 1).
Fig. 5. Loss cone ﬁlling by pitch angle scattering. Initial pitch an-
gle distribution (top), changed pitch angle distribution after passing
through ﬁeld reversal (bottom).
This is possibly due to the fact that the particle’s loss rate
depends on the number passing through the ﬁeld reversal re-
gion. The gyro radius of 100keV protons is ten times larger
than 1MeV electrons, but the velocity is just 1.5% of elec-
trons. This means that it takes longer time to deplete protons
as electrons.
Though magnetic moment scattering process can explain
manyfeaturesaboutrelativisticelectrondropouts, canwesay
with certainty that the magnetic moment scattering mecha-
nism was really responsible on 14 June? To test this the-
ory, we show in Fig. 6 an electron spectrogram obtained by
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Fig. 6. Energetic electron precipitations observed by STSAT-1 on 14 June 2004. The black line in the second panel indicates energy
dispersion calculated in Fig. 7.
STSAT-1. STSAT-1 was launched on 27 September 2003
into a sun synchronous low altitude (680km) orbit. STSAT-
1 instrumentation included the Far-ultraviolet Imaging Spec-
trograph (FIMS), an Electro-Static Analyzer (ESA), Solid
State Telescopes (SST), a Langmuir Probe (LP) and Sci-
entiﬁc Magnetometer (SM). FIMS is an astrophysical in-
strument while the latter four are space physics experiment.
These four instruments operate simultaneously in the polar
region.
SST has two solid state detectors to measure energy spec-
tra of electrons between 170keV∼360keV . Each detector
has a ﬁeld of view of 33.9◦, one is parallel and the other is
perpendicular to the Earth magnetic ﬁeld. Because the atmo-
spheric loss cone at 680km is about 60◦, the perpendicular
SST detects trapped electrons mirroring at the satellite alti-
tude while the parallel SST which looks upward detect pre-
cipitated electrons. The top two panels show differential en-
ergy spectra from the perpendicular and parallel SSTs. The
third panel shows the total electron ﬂuxes in the energy mea-
sured by the SSTs in the two directions. For comparison with
theSSTelectrons, theperpendicularandparallelcomponents
of energy ﬂux spectrograms measured by Electrostatic Ana-
lyzer (ESA) are shown in the bottom two panels. A detailed
description of the instruments is in Lee et al. (2005).
As shown in the second panel, strong electron precipi-
tation was observed while signiﬁcant precipitation was not
observed in the low energy spectrogram. With excellent
time resolution of SST, 50ms, an energy dispersion struc-
ture whose width is about 0.12◦ was resolved at the lower
latitude boundary of electron precipitation. Such energy dis-
persion structure was reported ﬁrst by Imhof et al. (1977).
They interpreted the energy dispersion structure as result-
ing from magnetic moment scattering. Because the larger
radius of magnetic ﬁeld curvature generally corresponds to
the lower latitude, only high energy electrons can be precip-
itated at the low latitude. Thus, if we measured electron pre-
cipitation generated by magnetic moment scattering, energy
dispersion structure should be observed at the precipitation
boundary.
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Fig. 7. The radius of magnetic ﬁeld curvature and threshold energy
derived from Tsyganenko01 model.
In Fig. 7, the magnetic ﬁeld curvatures and threshold en-
ergies are plotted for the magnetic latitude of interest. The
threshold energy is deﬁned by the energy corresponding to κ
of 2.5 which can induce electron loss by pitch angle scatter-
ing. The rectangular box shows the energy range measured
by STSAT-1 parallel SST, 170keV ∼330keV and the corre-
sponding threshold energy. We derived approximately the ra-
diusofcurvaturefromTsyganenko-01modelwheretheinput
parameters used were Dst index of −33nT, solar wind pres-
sure of 2.81nPa, IMF By of 7.25nT and Bz of −9.10nT.
These values are slightly different from real measurements
where Dst index was −20nT and IMF Bz was −7.1nT.
These solar wind and IMF data were measured by WIND at
11:00 UT, while Dst were measured at 12:00 UT. The time
difference of 1h is the time for solar wind whose velocity is
400km/s to reach the Earth from the WIND spacecraft which
was located at −214Re along X (GSE coordinate). Actually
we had some difﬁculties in selecting these parameters, be-
cause there were ﬂuctuations (Fig. 3), and ACE and WIND
showed somewhat different data. Considering Tsyganenko
model is a statistical model, we think these changes of IMF
Bz and Dst index are reasonably applicable in modeling the
magnetic ﬁeld on 14 June. Figure 7 reproduces extremely
well the energy dispersion observed by STSAT-1 where the
dispersion appeared from 61.72◦ to 61.84◦ in geomagnetic
latitude, which is the same as the result obtained from Tsy-
ganenko model. We showed this dispersion in Fig. 6 with
black line. This result strongly suggests that electrons were
precipitated on 14 June by the ﬁeld curvature magnetic mo-
ment scattering.
Fig. 8. Electron precipitations observed by four spacecraft,
NOAA/POES N15, N16, N17 and STSAT-1.
Our results strongly support the idea that pitch angle scat-
tering by curvature contributes to the electron ﬂux dropouts.
However, we do not exclude other precipitation mecha-
nisms, such as a non-adiabatic loss process, e.g. precipita-
tion by wave and particle interactions. It has been known
that electrons in the magnetosphere can interact with elec-
tron cyclotron harmonic waves (ECH) (Horne and Thorne,
2000), electromagnetic ion cyclotron waves (EMIC) (Sum-
mers and Thorne, 2003; Albert, 2003; Lorentzen et al., 2000;
HorneandThorne,1998), andwhistlerwaves(Lorentzenand
Blake, 2001). These waves are generally observed in differ-
ent local time sectors. ECH waves are predominantly seen
in the midnight to dawn region of magnetosphere associated
with substorm injections. EMIC waves occur in the dusk re-
gion where the ratio between the plasma frequency and elec-
tron gyro frequency is high, and whistler waves are observed
in the dawn sector.
Figure 8 shows where energetic electron precipitations
were observed by STSAT-1 and three NOAA/POES satel-
lites, N15, N16 and N17. The blue line indicates satel-
lite trajectories from 06:00 UT to 15:00 UT in geomag-
netic coordinates. STSAT-1 observation was made just in
one orbit, while NOAA/POES made ﬁve orbit observations.
NOAA/POES is at low altitude, 830km, and polar orbit-
ing. Only NOAA/POES N17 detected signiﬁcant irregu-
lar precipitation signature which energy is >300keV near
21:00 LT. It’s not clear whether this is related with the pre-
cipitation observed by STSAT-1 around 23:14 MLT. Yet this
ﬁgure implies that the relativistic electron dropout event on
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14 June is unlikely to be caused by EMIC or whistler mode
waves, because these waves are conﬁned to the dusk and
dawn regions. At the present time, there are no wave particle
interaction theories that can generate the energy dependent
electron ﬂux dropouts as seen by STSAT-1.
5 Conclusions
In this paper, we showed precipitation produced by ﬁeld cur-
vature can explain well the characteristics of relativistic elec-
tron dropout events observed on 14 June 2004. While this
event showed a slow recovery, it is important to note that
electrondropouteventsareusuallyaccompaniedwithsudden
electron enhancements. Thus we need to understand acceler-
ation and loss mechanisms to develop a model of relativistic
electron dynamics to forecast space weather. In conclusion,
the pitch angle scattering induced by ﬁeld curvature should
be viewed as a serious candidate for loss mechanisms of rel-
ativistic electrons in the radiation belt.
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